Introduction
============

Migraine is a type of headache with recurrent episodes, being unilateral location and varying in intensity. Migraine and obesity independently and significantly add personal and societal burden, diminish quality of life, and increase health care utilization. Migraine is often a comorbid condition among obese individuals.[@b3-ceor-11-051]--[@b5-ceor-11-051] The overlapping central and peripheral pathways shared by obesity and migraine have been hypothesized as a potential mechanism to contribute to the association. Several studies suggest that multifactorial pathophysiological associations between migraine and obesity contribute to migraine prevalence in adults with obesity.[@b3-ceor-11-051],[@b6-ceor-11-051] The risk of episodic and chronic migraine increases as weight increases from normal to obese, with greater risk among the moribund obese, those with abdominal obesity, and in reproductive age groups. Obese women during their reproductive years represent a high-risk population associated with migraine occurrence.[@b3-ceor-11-051],[@b8-ceor-11-051],[@b9-ceor-11-051]

The US crude prevalence for obesity during years 2011--2014 is estimated as 36.5%, with greater prevalence among women, and increasing prevalence as people age.[@b10-ceor-11-051] Obesity is associated with multiple chronic conditions[@b1-ceor-11-051],[@b11-ceor-11-051] and is cited as a risk factor for increased morbidity and mortality.[@b12-ceor-11-051] Estimated health care costs among obese individuals range from US\$147 billion to nearly US\$210 billion per year.[@b13-ceor-11-051] People with moderate or severe obesity are 1.8--4.0 times more likely to be prescribed medications than those with normal weight, and prescription drug costs were 40% higher among obese groups.[@b14-ceor-11-051] Although migraine is underdiagnosed and under-treated in the US population,[@b15-ceor-11-051] overall US migraine prevalence \~12%, with greater burden in females aged 18--44 years.[@b16-ceor-11-051] The age-adjusted 1-year migraine prevalence in US adults is 16%.[@b17-ceor-11-051] The direct costs associated with migraines are estimated as more than US\$11 billion per year.[@b18-ceor-11-051]

Although obesity and migraine are common incapacitating conditions that increase the risk of cardiovascular events, and when present together share some common pathophysiological pathways,[@b19-ceor-11-051] little information exists about the effect of comorbid migraine on patterns of health care utilization and expenses in obese individuals. Understanding outcomes in relation to costs will help build value-based information related to migraine in the obese population. Understanding characteristics and modifiable risk factors associated with migraines in obese adults may help researchers determine areas to develop into future interventions to improve treatment outcomes. This study aimed to identify sociodemographic factors associated with the occurrence of migraine and examine the effect of migraine on health care utilization and expenses in a national sample of US adults with obesity.

Subjects and methods
====================

Data source
-----------

This retrospective study used longitudinal data from the Household Component of the Medical Expenditure Panel Survey (MEPS; 2006--2013). The MEPS household component surveys a subsample of the US household from the previous years' National Health Interview Survey. The survey's panel design is composed of five rounds of interviews covering two calendar years for each independent panel. During the household interviews, MEPS collects detailed information from each member in the household, including sociodemographic characteristics, medical conditions and health status, health care utilization, medical care and prescription drug expenses, and insurance coverage. Subsequently, MEPS contacts the participant's medical providers, health systems, and pharmacies to validate and give more detailed diagnosis, charge, expense, and payment information. Each panel provides a longitudinal weight that adjusts for survey attrition during the 2-year period and allows national estimates per panel in the analysis. This study used panels 11--17 for years 2006--2013 along with variables from the medical condition and event files to identify subjects with obesity and migraine. The institutional review board of Presbyterian College approved this study (PC201629).

Study population
----------------

The study population was composed of individuals who were 18 years and older and completed all five separate interviews during the 2-year period as evidenced by a longitudinal weight \>0. Those with obesity were identified by a body mass index (BMI, kg/m^2^) ≥30, derived from the height and weight reported in the first round of the survey, calculated, and then coded by trained MEPS personnel.[@b20-ceor-11-051] Those reporting one or more events of migraine were identified from the medical condition files by using the ICD, ninth revision, clinical modification (ICD-9-CM) diagnosis code for migraine "346". MEPS recorded the medical conditions reported by survey participants and confirmed the diagnosis with the participants' medical providers. The MEPS public use files preserve confidentiality by collapsing fully specified five-digit ICD-9-CM codes into three-digit codes. Adults with a BMI ≥30 reported in the first-round interview and followed for 2 years were included in the study. These eligible obese adults were then categorized by migraine status: 1) individuals reporting one or more episodes of migraine (termed migraineurs) and 2) individuals without migraine (termed non-migraineurs).

Outcome measures
----------------

Expense outcomes were average medical care, prescription drug, and total health expenses (per person per year). Total health expenses were calculated by summing medical care expenses in medical event files (ie, physician office, hospital and other outpatient, emergency department \[ED\], inpatient hospitalization, and others) and prescription drug expenses in the prescribed medicine files reported over the 2-year panel time frame.

Medical care and prescription drug expenses for any medical condition (defined as all-cause) as well as those specific to migraine were measured, respectively. Migraine-related medical utilization and expenses were limited to medical care and prescription drug expenses associated with the migraine ICD-9-CM diagnosis code "346". Anti-migraine medication use and expenses were identified by Cerner MULTUM^™^/lexicon therapeutic classification codes in the prescribed medicine files. All expenses included the amounts paid by insurance and patients and were adjusted to US dollars in the year 2013 using the personal consumption expenditure health indexes.[@b21-ceor-11-051]

The proportions of people who sought migraine treatment in underweight, normal weight, overweight, obese, and severely obese groups were estimated. The total health expenses in overweight, obese, and severely obese groups with migraine were also compared.

Potential risk factors and covariates
-------------------------------------

The study included sociodemographic characteristics, perceived health status, and comorbidity variables to explore the potential risk factors associated with the occurrence of migraine. The regression models included the following commonly used sociodemographic MEPS variables: age, education, family size, gender, income, insurance coverage, marital status, and race. Participants who reported their general health in a perceived health status variable were categorized into five levels: excellent, very good, good, fair, and poor for analysis. In this study, the self-reported perceived health status was collapsed into three categories: excellent to very good, good, and fair to poor. To account for the severity of comorbidities, a comorbidity score was calculated for each participant using the Charlson comorbidity index (CCI). The CCI is a weighted index reflecting 19 diseases weighted (range 1--6) on their risk of mortality.[@b22-ceor-11-051] ICD-9-CM codes were used to identify comorbidities from medical condition files.

Statistical analysis
--------------------

Chi-squared test was used to compare the categorical characteristics of migraineurs vs non-migraineurs, and independent *t*-test was used to compare medical utilization and health care expenses between the two groups. Multivariate logistic regression was used to identify significant risk factors associated with the occurrence of migraine in the obese population. A generalized linear model with a log link and gamma distribution was applied to assess the effect of migraine on total health expenses by controlling for demographic and health-related covariates. The regression model was in the form of y (total health expenses) =β~0~+β~1~x~1~ (migraine, yes/no) +β~n~x~n~ (covariates). Statistical significance was set a priori at *P*\<0.05. All data analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Estimates adjusted for the MEPS complex survey design and all statistical analysis applied longitudinal sampling weights.

Results
=======

Among all adults, the proportions of people who sought medical care to treat migraine were 4.3% in underweight, 4.4% in normal weight, 3.5% in overweight, 4.4% in obese, and 6.2% in severely obese groups. Among the 23,596 obese US adults in MEPS longitudinal panels 11--17 for years 2006--2013, 4.7% (n=1,025) were identified with migraine, representing 3 million US individuals ([Figure 1](#f1-ceor-11-051){ref-type="fig"}). [Table 1](#t1-ceor-11-051){ref-type="table"} summarizes the obese adult study population's characteristics. Compared with obese non-migraineurs, the obese migraineurs were proportionately more from younger age groups (18--45 years, 59.2% vs 44.9%, *P*\<0.001), of female gender (79.5% vs 50.4%, *P*\<0.001), unmarried (50% vs 44.3%, *P*=0.003), and reportedly of poor perceived health status (29.5% vs 21.2%, *P*\<0.001). [Table 2](#t2-ceor-11-051){ref-type="table"} summarizes the following significant factors associated with migraine occurrence in the US adult obese population: age, family size, gender, insurance coverage, race, perceived health status, and comorbidities. Adults aged 46--64 years were 45% (OR: 0.55, 95% CI: 0.45--0.66) and adults aged 65 years and older were 85% (OR: 0.15, 95% CI: 0.10--0.22) less likely to report migraine than those aged 18--45 years. Males were 75% (OR: 0.25, 95 CI: 0.20, 0.31) less likely to report migraine than females. The odds of migraine occurrence was 44% less for Blacks compared to Whites (OR: 0.56, 95% CI: 0.46, 0.69). Those who reported fair to poor perceived health status were 2.65 times (OR: 2.65, 95% CI: 1.34, 2.03) more likely to report migraine than those with very good to excellent perceived health status. A CCI of 1, or \>1 vs CCI of 0, was 46% (OR: 1.46, 95% CI: 1.02, 2.07) or 32% (OR: 1.32, 95% CI: 1.07, 1.62) more likely to report migraine.

[Table 3](#t3-ceor-11-051){ref-type="table"} summarizes the comparison between migraineurs' and non-migraineurs' health care utilization patterns and expenses in obese US adults. Obese US adults with migraine showed greater physician office and ED visits and more prescriptions for medications than non-migraineurs (*P*\<0.001). In migraineurs only 25.9% were prescribed antimigraine medications. Medical care utilization rather than prescribed medications was the driver behind higher total health expenses in migraineurs. Medical, prescription drug, and total health expenses in the migraine group were \$1,401 (*P*=0.007), \$813 (*P*\<0.001), and \$2,213 (*P*=0.001) higher than in the non-migraine group, respectively. Migraine-related expenses accounted for \~5% of the total health care expenses. No significance difference was observed in the frequency and expense of hospitalization between the groups. As summarized in [Table 4](#t4-ceor-11-051){ref-type="table"}, compared with the non-migraine group, total health expenses increased by 31.6% in the migraine group after controlling for sociodemographic and health-related variables.

Among the adults with migraine, the total health expenses in the severely obese group (\$10,506) were significantly higher than the obese (\$8,302) and overweight (\$7,333) groups (*P*\<0.01).

Discussion
==========

This study described the characteristics and examined the utilization of health services and expense outcomes of obese US adults with and without migraine. The study found that 4.7% of obese adults reported migraine when they sought medical care, a figure much lower than migraine disease prevalence in the obese population (20%--25%) and as found in the general US population (12%--16%).[@b6-ceor-11-051],[@b8-ceor-11-051],[@b23-ceor-11-051] This suggests that most people with migraines do not consult physicians. Similar findings were reported by previous studies using MEPS data.[@b24-ceor-11-051],[@b25-ceor-11-051] In addition, sociodemographic factors (age, family size, gender, insurance coverage, and race), perceived health status, and those with higher comorbidity scores were associated with the occurrence of migraine in the obese population. Moreover, increased outpatient utilization, prescription medication use, and total health expenses were observed in the migraine group.

This study showed that among obese US adults, older age, Black race, and being uninsured were significant factors associated with lower likelihood of reporting migraine. Being female, having fair to poor health status, and higher comorbidity increased the likelihood of reporting migraine. First, age and gender are known risk factors associated with migraine in the general population. Several studies report migraine as more common in women (17.6%) than men (6.5%), and most prevalent during the reproductive years (20--50 years).[@b26-ceor-11-051]--[@b29-ceor-11-051] A meta-analysis suggests that the association between obesity and migraine is mediated by gender.[@b30-ceor-11-051] In our study, similar effects of age and gender on migraine occurrence were found in this obese population. Second, the results from this study differ from previous research by showing racial disparities among migraineurs in the obese population. Plesh et al's[@b31-ceor-11-051] study showed that severe headache or migraine prevalence did not significantly vary among White and Black adults. However, our findings are consistent with Nicholson et al's[@b32-ceor-11-051] study, comparing White and African Americans that showed the following disparities: lower proportions using a health care setting for migraine treatment (46% vs 72%), reporting a headache diagnosis (47% vs 70%), and being prescribed antimigraine drugs (14% vs 37%). Similarly, uninsured individuals were less likely to seek medical care for a headache than those covered by public or private insurance. This may partially explain the lower likelihood of reported migraine in the MEPS medical events. Thus, migraine may be underdiagnosed and undertreated in Black or uninsured obese adults. Finally, our study showed obese adults with poor health status and more severe comorbidities as more likely to have migraine. Obesity is a risk factor for various chronic diseases.[@b33-ceor-11-051],[@b34-ceor-11-051] Some conditions, such as depression, are also associated with migraine occurrence.[@b35-ceor-11-051],[@b36-ceor-11-051] Managing comorbid conditions in the obese population may help prevent or reduce migraine onset.

In this study, migraine-related health expenses accounted for only 5% of total health expenses, a figure that did not significantly contribute to the difference in total health expenses between the migraine and non-migraine groups. Often, individuals use nonpharmacological therapy or over-the-counter (OTC) medications as a first-line approach to self-treat migraines and reserve medical headache care for more severe migraines.[@b37-ceor-11-051] In addition, this study showed that only 26% of adult migraineurs used antimigraine prescription medications for treatment, suggesting that migraine may be undertreated. Similar to our health care utilization results, another survey study looking at headache in health care workers reported that 22% sought medical care for headache/migraine and 22% and 65% used prescription and OTC drugs to treat migraines, respectively.[@b37-ceor-11-051] Although this study showed that migraine-related health expenses did not impact total health care expenses, total health expenses increased by \>30% in the obese group with migraine. Health care utilization and expenses in our migraine vs non-migraine groups predominantly related to outpatient services and prescription drug use. This study's health services utilization results imply that the ambulatory care setting where primary care providers treat headache may be a good place to assess the impact of interventions targeting comorbidities on migraine occurrence in obese adults. Moreover, other previous researches indicate a positive association between the rate of obesity, prevalence of chronic conditions, and health care spending.[@b38-ceor-11-051] Obese people consume a higher amount of direct medical care costs than nonobese people.[@b39-ceor-11-051] More fully incorporating comorbidity management into headache care may improve health and economic outcomes.

Some limitations should be considered when reading the results. MEPS longitudinal files estimate the treatment prevalence of a disease as derived from the medical events, thereby preventing the findings from being used as a measure of disease prevalence. The migraine treatment prevalence in our study is less than the migraine disease prevalence reported in epidemiological studies. Second, this study reflects a point in time for years 2006--2013, allowing the results to show relationships but not causality. Third, confidentiality concerns require the MEPS public use files to mask fully specified diagnosis, limiting the study's ability to identify subtypes of migraine to reflect the disease severity or distinguish between episodic or chronic migraine. Fourth, MEPS does not provide clinical measures of migraine severity. Additional research using data with fully specified diagnosis codes could enhance our findings. Fifth, MEPS panel interviews occur over 2 years in a short-term time frame. More research is required to explore long-term effects. Finally, our study assessed the effect of a migraine on direct medical costs. The impacts of a migraine on indirect costs and quality of life in the adult obese population were not evaluated.[@b40-ceor-11-051],[@b41-ceor-11-051]

The results hold several implications for health care providers in practice. The study's obese adult population's overall characteristics differed between migraineurs vs non-migraineurs. This study adds to our understanding of migraine in a distinct subpopulation: obese adults. Since migraine and obesity often coexist, it is important to disentangle factors that contribute to migraine, add to the cost of care, and influence health care use. Knowing the risk factors for comorbid migraine could help medical providers tailor prevention and treatment strategies for obese adults by incorporating comorbidity management. Understanding risk profiles of obese migraineurs may help with clinical decision-making about how to tailor preventive strategies or who to enroll in disease management programs. Moreover, the findings should also interest policy makers. Comorbid migraine among obese US adults significantly impacted health care utilization and total health care expenses. Outpatient expenses accounted for a large proportion of the total health expenses and contributed to the significant difference in health care expenses. Ambulatory care models that improve health outcomes while controlling costs could focus on approaches to comorbid migraine in obese adults. In addition, mid-level providers practicing to the full extent of their license, such as nurse practitioners practicing in ambulatory care settings, are well positioned to address factors associated with migraine and tailor disease management strategies to account for comorbid migraine in obese adults.

Conclusion
==========

Among obese US adults, increased total health care utilization and expenses were shown in those with migraine. Addressing risk factors associated with migraine and considering treatment for comorbidities could help reduce total health expenses. Future research could compare treatment plans that include interventions to prevent migraine vs conventional treatment and further assess the utilization of health services and cost outcomes.
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###### 

Characteristics of the study population by migraine status in adults with obesity from MEPS (2006--2013) (N=23,596)

  Variable                                                     Subjects with migraine (n=1,025)   Subjects without migraine (n=22,571)   *P*
  ------------------------------------------------------------ ---------------------------------- -------------------------------------- ---------
                                                                                                                                         
  Age category (years)                                                                                                                   \<0.001
   18--45                                                      59.2                               44.9                                   
   46--64                                                      35.6                               38.8                                   
   65+                                                         5.2                                16.2                                   
  Race                                                                                                                                   0.024
   White                                                       72.6                               68.2                                   
   Black                                                       10.6                               13.5                                   
   Others                                                      16.8                               18.3                                   
  Gender                                                                                                                                 
   Male                                                        20.5                               49.6                                   \<0.001
  Education                                                                                                                              0.23
   High school                                                 51.2                               47.9                                   
   College                                                     23.5                               26.0                                   
   No degree/others                                            25.3                               26.1                                   
  Family size                                                                                                                            0.92
   ≤2                                                          57.1                               57.3                                   
   \>2                                                         42.9                               42.7                                   
  Geographical region                                                                                                                    0.032
   Northeast                                                   16.6                               17.2                                   
   Midwest                                                     25.9                               23.3                                   
   South                                                       43.7                               39.8                                   
   West                                                        22.8                               19.7                                   
  Marital status                                                                                                                         
   Yes                                                         50.0                               55.7                                   0.003
  Income category[a](#tfn1-ceor-11-051){ref-type="table-fn"}                                                                             0.060
   Poor                                                        21.6                               19.3                                   
   Low income                                                  17.4                               14.8                                   
   Middle income                                               29.5                               32.5                                   
   High income                                                 31.5                               33.4                                   
  Insurance coverage                                                                                                                     0.095
   Private                                                     68.7                               66.1                                   
   Public                                                      19.4                               18.8                                   
   Uninsured                                                   11.9                               15.0                                   
  CCI                                                                                                                                    0.32
   0                                                           67.3                               69.3                                   
   1                                                           5.7                                4.5                                    
   ≥2                                                          27.0                               26.2                                   
  Perceived health status                                                                                                                \<0.001
   Excellent/very good                                         38.1                               45.9                                   
   Good                                                        32.4                               32.8                                   
   Fair/poor                                                   29.5                               21.2                                   

**Note:**

Poor is defined as income \<100% of FPL; low income is defined as 100%-- 199% of FPL; middle income is defined as 200%--399% of FPL; high income is defined as ≥400% of FPL.

**Abbreviations:** CCI, Charlson comorbidity index; FPL, federal poverty line; MEPS, Medical Expenditure Panel Survey.

###### 

Factors associated with migraine in adults with obesity from MEPS (2006--2013) (N=23,596)

  Independent variable                                         Likelihood of migraine OR (95% CI)   *P*
  ------------------------------------------------------------ ------------------------------------ ---------
                                                                                                    
  Age (years)                                                                                       
   18--45                                                      1.00                                 
   46--64                                                      0.55 (0.45, 0.66)                    \<0.001
   ≥65                                                         0.15 (0.10, 0.22)                    \<0.001
  Race                                                                                              
   White                                                       1.00                                 
   Black                                                       0.56 (0.46, 0.69)                    \<0.001
   Others                                                      0.81 (0.64, 1.02)                    0.077
  Gender                                                                                            
   Female                                                      1.00                                 
   Male                                                        0.25 (0.20, 0.31)                    \<0.001
  Education                                                                                         
   College                                                     1.00                                 
   High school                                                 0.87 (0.70, 1.08)                    0.20
   No degree                                                   0.94 (0.78, 1.13)                    0.39
  Family size                                                                                       
   ≤2                                                          1.00                                 
   \>2                                                         0.82 (0.68, 0.98)                    0.034
  Geographical region                                                                               
   Northeast                                                   1.00                                 
   Midwest                                                     1.09 (0.85, 1.40)                    0.49
   South                                                       0.89 (0.71, 1.13)                    0.33
   West                                                        1.14 (0.88, 1.48)                    0.32
  Marital status                                                                                    
   No                                                          1.00                                 
   Yes                                                         1.11 (0.93, 1.33)                    0.26
  Income category[a](#tfn3-ceor-11-051){ref-type="table-fn"}                                        
   High                                                        1.00                                 
   Middle                                                      0.87 (0.68, 1.12)                    0.26
   Low                                                         1.02 (0.78, 1.30)                    0.90
   Poor                                                        0.81 (0.65, 1.00)                    0.054
  Insurance coverage                                                                                
   Private                                                     1.00                                 
   Public                                                      0.89 (0.70, 1.13)                    0.39
   Uninsured                                                   0.65 (0.49, 0.85)                    0.002
  CCI                                                                                               
   0                                                           1.00                                 
   1                                                           1.46 (1.02, 2.07)                    0.038
   ≥2                                                          1.32 (1.07, 1.62)                    0.008
  Perceived health status                                                                           
   Excellent--very good                                        1.00                                 
   Good                                                        1.20 (1.00, 1.45)                    0.050
   Fair--poor                                                  2.65 (1.34, 2.03)                    \<0.001

**Note:**

Poor defined is as income \<100% of FPL; low income is defined as 100%--199% of FPL; middle income is defined as 200%--399% of FPL; high income is defined as ≥400% of FPL.

**Abbreviations:** CCI, Charlson comorbidity index; FPL, federal poverty line; MEPS, Medical Expenditure Panel Survey.

###### 

Health service utilization patterns and expenses (per person per year) by migraine status in adults with obesity from MEPS (2006--2013) (N=23,596)

  Health service utilization and expenses                        Subjects with migraine (n=1,025)   Subjects without migraine (n=22,571)   *P*
  -------------------------------------------------------------- ---------------------------------- -------------------------------------- ---------
                                                                                                                                           
  All-cause health service utilization                                                                                                     
   Number of office visits, mean (SE)                            10.2 (0.5)                         4.2 (0.1)                              \<0.001
   Number of outpatient visits, mean (SE)                        0.8 (0.1)                          0.3 (0.0)                              \<0.001
   Number of prescription fills, mean (SE)                       25.0 (1.2)                         18.3 (0.3)                             \<0.001
   ED visits per 1,000 patient months                            37.8                               18.8                                   \<0.001
   Hospitalization per 1,000 patient months                      13.9                               11.3                                   0.078
  Migraine-related health service utilization                                                                                              
   Number of office visits, mean (SE)                            0.5 (0.0)                                                                 
   Number of prescriptions, mean (SE)                            0.6 (0.0)                                                                 
   ED visits per 1,000 patient months                            4.2                                                                       
   Hospitalization per 1,000 patient months                      0.2                                                                       
   Antimigraine medication use, %                                25.9                                                                      
    Triptan                                                      85.9                                                                      
    Others                                                       16.9                                                                      
  All-cause health expenses (\$), mean (SE)                                                                                                
   Medical expenses[a](#tfn5-ceor-11-051){ref-type="table-fn"}   6,288 (522)                        4,887 (106)                            0.007
    Office                                                       2,205 (159)                        1,497 (36)                             \<0.001
    Outpatient                                                   1,009 (236)                        607 (30)                               \<0.001
    ED                                                           452 (38)                           233 (8)                                \<0.001
    Hospitalization                                              1,994 (332)                        1,936 (66)                             0.86
    Others                                                       628 (60)                           614 (23)                               0.81
   Prescription drugs                                            2,451 (210)                        1,638 (37)                             \<0.001
   Total expenses[b](#tfn6-ceor-11-051){ref-type="table-fn"}     8,739 (638)                        6,526 (125)                            0.001
  Migraine-related health expenses (\$), mean (SE)                                                                                         
   Medical expenses[c](#tfn7-ceor-11-051){ref-type="table-fn"}   282 (31)                                                                  
    Office                                                       149 (21)                                                                  
    Outpatient                                                   31 (8)                                                                    
    ED                                                           73 (11)                                                                   
    Hospitalization                                              29 (12)                                                                   
   Prescription drugs                                            145 (28)                                                                  
   Total expenses[d](#tfn8-ceor-11-051){ref-type="table-fn"}     427 (34)                                                                  

**Notes:**

Medical expenses included outpatient, ED, hospitalization, and other expenses.

Total expenses were the sum of medical and prescription expenses.

Medical expenses included outpatient, ED, and hospitalization expenses associated with migraine.

Total expenses were the sum of medical and prescription expenses associated with migraine.

**Abbreviations:** ED, emergency department; MEPS, Medical Expenditure Panel Survey; SE, standard error.

###### 

Effect of migraine on total health expenses in adults with obesity from MEPS (2006--2013) (N=23,596)

  Independent variable      Estimated log coefficient[a](#tfn10-ceor-11-051){ref-type="table-fn"}(SE)   Change in percentage[b](#tfn11-ceor-11-051){ref-type="table-fn"}   *P*
  ------------------------- --------------------------------------------------------------------------- ------------------------------------------------------------------ ---------
                                                                                                                                                                           
  Migraine                                                                                                                                                                 
   Yes (vs no)              0.27 (0.05)                                                                 +31.6                                                              \<0.001
  Age (years)                                                                                                                                                              
   18--45                   Reference                                                                                                                                      
   46--64                   0.39 (0.04)                                                                 +47.6                                                              \<0.001
   ≥65                      0.45 (0.05)                                                                 +56.8                                                              \<0.001
  Race                                                                                                                                                                     
   White                    Reference                                                                                                                                      
   Black                    −0.07 (0.07)                                                                −6.8                                                               0.30
   Others                   −0.05 (0.04)                                                                −4.9                                                               0.21
  Gender                                                                                                                                                                   
   Female (vs male)         0.36 (0.04)                                                                 +43.3                                                              \<0.001
  Education                                                                                                                                                                
   College                  Reference                                                                                                                                      
   High school              0.10 (0.04)                                                                 +10.5                                                              0.008
   No degree                −0.01 (0.05)                                                                −1.0                                                               0.92
  Family size                                                                                                                                                              
   \>2 (vs ≤2)              −0.25                                                                       −28.4                                                              \<0.001
  Geographical region                                                                                                                                                      
   Northeast                Reference                                                                                                                                      
   Midwest                  −0.03 (0.05)                                                                −2.9                                                               0.62
   South                    −0.17 (0.05)                                                                −15.6                                                              0.001
   West                     −0.19 (0.06)                                                                −17.3                                                              0.001
  Marital status                                                                                                                                                           
   Yes (vs no)              0.11 (0.04)                                                                 +11.6                                                              0.010
  Income                                                                                                                                                                   
   High                     Reference                                                                                                                                      
   Middle                   −0.27 (0.07)                                                                −23.7                                                              \<0.001
   Low                      −0.25 (0.07)                                                                −22.1                                                              0.001
   Poor                     −0.11 (0.05)                                                                −10.4                                                              0.043
  Insurance coverage                                                                                                                                                       
   Private                  Reference                                                                                                                                      
   Public                   0.11 (0.05)                                                                 +11.6                                                              0.012
   Uninsured                −0.89 (0.09)                                                                −58.9                                                              \<0.001
  Comorbidity                                                                                                                                                              
   0                        Reference                                                                                                                                      
   1                        0.71 (0.07)                                                                 +103.4                                                             \<0.001
   ≥2                       0.90 (0.04)                                                                 +145.9                                                             \<0.001
  Perceived health status                                                                                                                                                  
   Excellent--very good     Reference                                                                                                                                      
   Good                     0.27 (0.05)                                                                 +30.9                                                              \<0.001
   Fair--poor               0.76 (0.05)                                                                 +114                                                               \<0.001

**Notes:**

Generalized linear model with log link and gamma distribution assessed the association between all-cause total health expenses and migraine, adjusting for age, gender, race, marital status, family size, education, poverty line, insurance coverage, comorbidity, and perceived health status.

The estimated log coefficients were interpreted as a percent change in expense in obese adults.

**Abbreviations:** MEPS, Medical Expenditure Panel Survey; SE, standard error.
